The family Gadidae, with about 55 species, lives throughout the world, primarily in subarctic zones and high latitudes. 1) Within Gadidae, the Genus Gadus is composed of three species, Pacific cod G. macrocephalus, Atlantic cod G. morhua, and Greenland cod G. ogac. The Pacific cod is widely distributed in the northern part of the North Pacific Ocean and adjacent waters such as the Yellow Sea, the Sea of Japan, the Sea of Okhotsk, and the Bering Sea.-) Pacific cod is important as a commercial resource and plays an important role in subarctic ecosystems.
Previous studies on some aspects of female reproduction in Pacific cod have been carried out using the gonadsomatic index (GSI values) 3) and macroscopic maturity. 4, 5) Recently, Bowden et al. 6 ) microscopically described the oocyte growth and development of Pacific cod for correlation with macroscopic maturity of the ovary. The maturation process and the reproductive cycle of female Pacific cod based on histological examination, however, have not been made clear.
In this study, the process of Pacific cod oogenesis is described from fish collected in the waters off the southern coast of Hokkaido, Japan, through- Otoliths were kept in distilled water and were then used to determine age by sectioning.6-10) Age is expressed as 1+, 2+, 3+.... on the assumption that January 1st was the date of birth of Pacific cod in the waters off the southern coast of Hokkaido. 
Results

Characteristics of the Process of Oogenesis
The histological division of oogenesis in Pacific cod follows the oocyte growth of other gadoid fishes as has been reported in walleye pollock Theragra chalcogramma11) and saffron cod Eleginus gracilis.12) Previous authors have described twelve stages from oogonium to mature In the process of Pacific cod oogenesis, oil droplets were not observed.
Atretic oocytes appeared in part of the yolky oocytes ( Fig. 2L ), We considered that most mature eggs would be spawned, however, because few atretic oocytes existed.
Development of Ovary
The progress of the oogenetic stage composition was examined in 50 specimens of female Pacific cod. The counting of oocytes at each stage was only carried out on eggs with clearly distinguishable nuclei and selected from continuous sections of ovary to avoid the possibility of replicate counting (Table 1 ). Oocytes at the chromatin-nucleolus stage and atretic oocytes were excluded from this analysis.
Oocytes at the perinucleolus stage dominated throughout the year. A portion of these oocytes advanced to the yolk vesicle stage during the season of summer through autumn. When 30-40% of oocytes achieved the yolk vesicle stage, part of the oocytes gradually developed into oocytes of the vitellogenic stage.
Yolk formation progressed and when oocytes reached the secondary yolk stage, they were completely separated from other immature oocytes in the ovary. Their synchronously developing oocytes advanced from the vitellogenic stage to the maturation stage just before ovulation.
Mature oocytes were thereafter simultaneously ovulated into the ovarian cavity and were then released. Immature oocytes at the perinucleolus and yolk vesicle stages and a large number of empty follicles were observed in the ovary of spent females ( Fig. 2J) .
Thus, Pacific cod exhibit a clear bimodal distribution of oocyte composition. This development form of oocytes is typical of the "group -synchronous oocyte development" type, as shown in rainbow trout Onchorynchus mykiss13) and saffron cod.12)
State of Maturity of Ovary
Since the form of development of oocytes of Pacific cod was typical of the "group-synchronous oocyte development" type, maturity was based on the oocytes of the most developed stage and was defined by nine grades, from yolkless to spent.
The GSI1 and GSI2 values at each phase are given in Table 2 increased. In August, part of the 3+ age group advanced in maturity to the early yolk formation phase, which showed the onset of active maturati on. In October, the maturity of individuals over the 3+ age group shifted to the active vitello genic stage (middle yolk formation phase), b ut the maturity of females below the 2+ age gr oup remained at the yolk vesicle phase. In November, the GSI2 values of the individuals over the 3+ age group rapidly increased to 10-20, and their maturities reached the late yolk formation phase, the final stage of active vitellogenesis. After this, the GSI2 values of individuals over the 3+ age group rapidly increased to about 30 and t he maturity of spawners shifted from the late yolk formation phase to the spent phase from early to late December (Table 3 ). In late December (21 and 23 December), individuals at the migratory nucleus phase, maturation phase, spawning phase, and spent phase were observed. By 23 January, the maturity of most spawners had shifted to the spent phase. By 22 February, no ripe females were observed. From this analysis, the peak of Pacific cod spawning in this region was assumed to be from late December through January.
Mature and spent conditions were not observed in fish below the 3 age group (2+ age group before 1 January and 3+ age group after 1 January).
In other words, the age at first maturation of the female Pacific cod was estimated at four years.
Discussion
In this report, we describe the oogenesis and maturity of female Pacific cod based on histological examination.
Also, the developing form of Pacific cod oocytes was thought to belong to the "group-synchronous oocyte develompent" type. This spawning cycle is the same as that of rainbow trout13) and pelyad, Coregonus peled.14) In the familiy Gadidae, those of saffron cod,12) walleye pollock,ll) and Atlantic cod15-17) belong to the "group-synchronous oocyte development" type.
However, the change of oogenetic composition in Pacific cod was similar to that of saffron cod,12) and was more synchronous than that of walleye pollock, which had a few oogenetic stages in the same ovary.11) Pacific cod and saffron cod release all ripe eggs in a single spawning,12, 18) but walleye pollock spawn repeatedly with intervals of a few days during the sp awing season.19, 20) Accordingly, differences o f developing forms between the species would be r effected in the modes of spawning.
Using GSI values and maturity, we examined he reproductive cycle of female Pacific cod in t he waters adjacent to the southern coast of Hokkaido. In this region, the ovaries of individuals at first maturation (3+ age group) and he ovaries of individuals at the recovery stage over 4+ age group) gradually advanced to the yolk vesicle phase from spring to summer. The recruitment of individuals of the 3+ age group occurred in October. The onset of yolk formation was synchronous among the individuals over the 3+ age group, and the most active yolk formation occurred from October through November. After that, the maturity of spawners synchronously shifted from the late yolk formation phase to the spent phase during the period from early December through late December. In January, the maturity of most spawners shifted to the spent phase. Accordingly, the peak of Pacific cod spawning in this region was assumed to occur during the period from late December through January. Such a very short spawning season would imply that maturity between individuals is the same and synchronous. In this region, it is supposed that the main spawning ground is in the waters off Wakinosawa (Mutsu Bay, Aomori Prefecture) and part of the spawning ground is in the waters off Ohfune (Funka Bay, Hokkaido). On the other hand, the spawning season of Pacific cod in other Japanese waters has been studied,7, 21-25) and the period of spawning seasons is longer than that found in our study. Recently, it was found that the spawning season in the Musashi Tai Region (Sea of Japan) is during February and the beginning of March.3) The spawning season in the Musashi Tai Region is later than that on the Pacific Ocean side. It would be reasonable to assume that there are different stocks in the Sea of Japan and the Pacific Ocean, because the catch of this species in the Sea of Japan decreased but that of the Pacific Ocean increased during the 1960's and the 1980's.18) Foucher and Westrheim26) reported that the spawning season was relatively short and only slightly later in high latitudes such as the west coast of Canada. The tendency towards later spawning seasons in high latitudes was recognized in Japanese waters, as well.
It is likely that the variety of spawning seasons results from the exsistence of local stocks,27) which are separated by the synchronous process of ovarian development and a short spawning season.
